Objective: To assess the association of serum uric acid (UA) with components of metabolic syndrome (MetS) in different ethnic groups.
INTRODUCTION S
INCE HYPERURICEMIA was first described as associated with hyperglycemia and hypertension by Kylin in 1923, 1 there has been growing interest in this association between elevated uric acid (UA) and other metabolic abnormalities of hyperglycemia, abdominal obesity, dyslipidemia, and hypertension. [2] [3] [4] [5] [6] [7] Recently, a graded and direct relationship between the serum UA level and the prevalence of the metabolic syndrome (MetS) was observed in Japanese people, 8 and hyperuricemia was found to be associated with blood pressure (BP) in nonhypertensive middle-aged men without diabetes, glucose intolerance, and the MetS in the United States. 9 In a non-Hispanic white population from the United States, serum UA was significantly associated with several indices of coronary heart disease risk and a number of the MetS components. 10 However, other studies report no associations between UA and cardiovascular disease in general populations. 7, 11, 12 The prevalence of obesity, hypertension, diabetes, dyslipidemia, and hyperuricemia has been increasing over the last few decades in the southern Indian Ocean island of Mauritius and in China due to rising standards of living, which are associated with modernization and urbanization. [13] [14] [15] The extent of the associations between serum UA and metabolic abnormalities in different ethnic groups from these two countries are not known.
The aim of this study was to explore these associations based on cross-sectional data in nondiabetic Indian and Creole subjects living in Mauritius, and in Chinese living in mainland China.
MATERIALS AND METHODS

Study population
In Mauritius, population-based surveys for prevention and control of chronic noncommunicable diseases were undertaken in 1987, 1992, and 1998. Details of the survey methodology have been published previously. 13, 16 Briefly, all residents aged 25 to 74 years in randomly selected (with probability proportional to size) population clusters were invited to participate. 13 The response rates to the three surveys were 86%, 90%, and 87%, respectively. The numbers of participants who attended baseline surveys were 4781 in 1987, 2698 in 1992, and 1464 in 1998. The following groups of participants were excluded: 215 participants with missing data on the measurements required for the current data analysis; 1241 participants with a personal history of hypertension, gout, and cardiovascular diseases including coronary heart disease, stroke, and peripheral vascular disease; and 1280 individuals with known or newly-diagnosed diabetes. Therefore, a total of 6207 Mauritian Indian and Mauritian Creole (2867 men) were included in the data analysis.
In Qingdao China, the street blocks were randomly drawn from an urban community, Zhanshan, to serve as clusters for a survey for diabetes and hyperuricemia in 2002. From each selected block, families were randomly selected, and a total of 2102 (781 men and 1321 women) subjects aged 25 to 74 years who had lived in the community for at least 5 years participated in the survey, with an overall response rate of 87.9%. Among them, 608 with a history of hypertension, gout, and cardiovascular disease were excluded. One hundred forty-one subjects with missing data on glucose or other lab measurements, and 197 diabetic patients were also excluded, leaving 1156 Han Chinese in the current study.
Altogether, 3285 men and 4078 women aged 25 to 74 years without diabetes from three ethnic groups (Mauritian Indian, Mauritian Creole, and Chinese) were included in the study. Informed consent was obtained from all participants, and the survey protocols were reviewed and approved by each of the local ethics committees (Melbourne, Australia and Qingdao, China).
Survey procedures
In Mauritius, the survey methodology was the same in all three surveys. All eligible adults were asked to attend a survey site between 8:00 and 10:00 AM after an overnight fast. After registration, local nurses trained for the survey methodology administered a questionnaires and measured anthropometry. 13, 16 Ethnicity was determined by self-report. Height, weight, and waist circumferences were measured, and body mass index (BMI) was calculated by dividing the weight (kg) by the height (m) squared. Seated BP was measured and personal history of hypertension was based on self-reported use of antihypertensive drugs. All subjects not taking antidiabetic drugs were invited to a standard 75 g oral glucose tolerance test (OGTT). Plasma glucose concentrations were measured immediately after the blood sampling at the survey site using Yellow Springs Instruments (YSI) glucose analyzers in both 1987 and 1992. In 1998, plasma was frozen immediately and glucose was measured approximately 4 months later in Newcastle upon Tyne, UK, using the YSI glucose analyzers (Yellow Springs Instruments, Yellow Springs, OH). Considering the delay in analysis, the glucose concentrations of 1998 values were adjusted upwards using an equation (adjusted glucose ϭ 0.0288 ϩ 1.037 ϫ measured glucose) based on the difference between on-site values and quality controls from the 1987 and 1992 surveys. 13 Diabetes was defined according to 1999 World Health Organization (WHO) criteria as fasting glucose 7.0 mmol/L or above and/or 2-hour plasma glucose 11.1 mmol/L or above and/or on antidiabetic medication. 17 Concentrations of total and high density lipoprotein (HDL) cholesterol, fasting triglycerides, and UA were measured at the Central Laboratory, Mauritius, in fresh heparin plasma (1987) and serum (1992 and 1998) . In 1987, manual enzymatic methods were used, but in 1992 and in 1998 a Chemistry Profile Analyser Model LS (Coultronics, Port Louis, Mauritius) was used. For quality assessment, every 10th sample was also analyzed in Newcastle upon Tyne, UK. On the basis of the external quality assurance data, total cholesterol and triglycerides were overestimated in all surveys, and they were adjusted downwards by using calculated regression equations, while uncorrected HDL cholesterol and serum UA values were used.
In Qingdao, China, the field surveys were conducted by trained nurses and doctors. 15 Questionnaires were completed during a house visit before blood sampling. The questionnaire was designed to collect demographic details, information on family history of cardiovascular diseases and diabetes, personal history of illness including diabetes, hypertension, cardiovascular diseases, and gout. Physical examination, including measurement of height, weight, and BP was performed. After a 12 hour overnight fast, subjects were sampled for venous blood between 7:30 and 9:30 in the morning. All of the subjects without self-reported diabetes underwent OGTTs. The specimens were stored in icecooled containers and transported immediately to a clinical lab at the Qingdao Endocrine and Diabetes Hospital. Plasma glucose was determined by a glucose oxidase method within 3 hours after sampling, serum UA was measured by the uricase method, and lipid profiles were determined by enzymatic methods.
Definition of MetS related disorders
Taking into account the differences both chronologically and methodologically between studies, MetS variables were categorized into sex-, ethnic-and cohort-specific quintiles. We then defined the top quintile of waist circumference, BMI, BP, lipids, and glucose levels, and the bottom quintile of HDL cholesterol, as the MetS related disorder. Hyperuricemia was defined if the UA value was in the top quintile.
Statistical methods
Serum triglycerides were log10-transformed to reduce skewness and geometric means were reported. The association of UA with MetS variables was estimated by comparing the top quintile (bottom quintile for HDL cholesterol) with the other 4 quintiles. In these analyses we defined elevated BP as either systolic or diastolic BP in the top quintile. Meta-analysis using the method detailed by Fleiss 18 was performed first based on individual data from Mauritius. Individual ␤-coefficients for each cohort and combined ␤-coefficients for all cohorts with three or more MetS related disorders of waist circumference, elevated BP, fasting glucose, triglycerides, and HDL cholesterol compared with fewer factors were calculated corresponding to a one standard deviation (SD) increase in UA concentration ( Figure 1 ). Q statistic for measuring study-to-study variation in effect size was performed. Since Q was not sta-tistically different from zero (Q ϭ 0.38 for Indian men, 2.96 for Creole men, and 3.35 and 0.89 for Indian and Creole women, respectively, with 2 degrees of freedom (df); all P Ͼ 0.10), fixed effect approach was chosen. Thus, data for the same ethnic group from all other analyses were pooled in order to increase the statistical power, adjusting for cohort. The association between individual metabolic abnormalities and serum UA were also tested.
The odds ratio (95% confidence interval [CI]) for hyperuricemia corresponding to a one SD increase in metabolic variables, including waist circumference, systolic BP, triglycerides, and fasting plasma glucose, was estimated using a logistic regression analysis adjusted for age, cohort, and smoking and alcohol drinking status (coded as current-/ex-user/never) in men and women in different ethnic groups. BMI, diastolic BP, HDL cholesterol, total cholesterol, and 2-hour plasma glucose was also tested in separate models where waist circumference or systolic BP or triglycerides or fasting glucose was not fitted in. Additional adjustment was made for creatinine in the Mauritian population only because it was not available in the Chinese pop-NAN ET AL. 50 FIG. 1. Beta coefficients (black square) and 95% CIs (bar) for with three or more MetS related disorders of waist circumference, elevated BP, fasting glucose, triglycerides and HDL cholesterol vs fewer than three factors, corresponding to a one SD increase in serum UA in: (A) men without (A1) and with (A2) BMI adjustment; and in (B) women without (B1) and with (B2) BMI adjustment. 
RESULTS
The number of individuals, their demographic characteristics, means, and the bottom quintile and the top quintile cut-off points of MetS variables in each study cohort are shown in Table 1 . Chinese participants were older than Mauritian Indians and Mauritian Creoles. Current smoking and alcohol consumption were more prevalent in men than in women in all cohorts.
The overall odds ratios estimated using Fleiss's method based on the individual studies showed that the difference in effect sizes between studies were random, and therefore there was no statistical evidence against pooling the cohorts in the data analysis (Figure 1) . In multivariate regression analysis, the association of hyperuricemia with each of the MetS variables was estimated and compared using log-likelihood ratio test. Waist circumference, BMI, and triglycerides were strongly associated with hyperuricemia in all groups except in Chinese women (Table 2) , in whom triglycerides, HDL cholesterol, and total cholesterol were associated with hyperuricemia. Adding creatinine to the model did not change the association of hyperuricemia with waist circumference, BMI, triglycerides, HDL cholesterol, total cholesterol, and BP, although creatinine by itself associated with hyperuricemia in both Indian and Creoles (P Ͻ 0.05).
In addition, the interaction of systolic BP with triglycerides was significantly associated with hyperuricemia in Creoles men and Indian women (data not shown), while the interactions of systolic BP with waist circumference, and that of waist circumference with triglycerides, were not statistically significant. Since a significant interaction between systolic BP and triglycerides was found, stratified analyses by BP and triglycerides were made. Compared with individuals with both low BP and low triglycerides, the mean Z score of serum UA levels increased in people with either abnormality of the factors, but the higher level was observed in those with elevated triglycerides alone than in those with elevated BP alone ( Table 3 ). The simultaneous elevation in both factors was associated with a further increase in the serum UA concentrations in some but not in all ethnic groups.
The associations between individual components of the MetS and serum UA are shown in Table 4 . The increase in UA level associated with high waist circumference, BP, triglycerides, fasting plasma glucose and low HDL cholesterol in all three ethnic groups, except in Chinese for whom a positive relation between serum UA and low HDL cholesterol were observed. Multivariate adjusted odds ratios (95% CIs) for with three or more MetS related disorders vs fewer than three factors, corresponding to a one SD increase in serum UA concentration were 1.75 (1.51 to 2.02), 2.19 (1.71 to 2.82) and 2.30 (1.68 to 3.16) in Indian, Creole and Chinese men, and 1.74 (1.52 to 2.00), 1.75 (1.40 to 2.19) and 1.72 (1.37 to 2.16) in women, respectively, after adjustment for age, cohort, smoking and drinking status (Figure 1 ). These associations remained statistically significant after further adjustment for BMI.
DISCUSSION
Elevated serum UA was strongly associated with waist circumference, BMI, triglycerides and creatinine in non-diabetic men and women in Mauritian Indians and Mauritian Creoles, and similar result appeared in Chinese men, but the corresponding figure was triglycerides, HDL cholesterol and total cholesterol in Chinese women.
In our study, high serum UA was significantly associated with several metabolic factors such as high waist circumference (or BMI), dyslipidemia, and high BP both individually and also with the clustering of these metabolic risk factors. These results are consistent with findings in the Japanese, 5, 18, 19 non-Hispanic Caucasians from the United States, 9, 10 and European people, 4 despite different assays used for 
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Mean Z score was adjusted for a one standard deviation increase in age and waist circumference, smoking and alcohol drinking.
UA and different ethnic backgrounds. It was recently reported that Korean men aged 30 to 39 years with serum UA levels in the top quintile compared with the bottom quintile had an approximately 1.6-fold increased risk for MetS. 20 An association of serum UA with plasma glucose was found in this nondiabetic population in the present study, but these associations depended on the level of obesity and triglycerides as also indicated by others. 21, 22 Our findings of a significant elevation of serum UA level in people with hypertriglyceridemia irrespective of BP levels only appeared in the Mauritian population, not in the Chinese one. We suspected that it might be partly explained by the different of ethnicities, but the underlying mechanism is not clear. In obese individuals, high serum UA is due to an overproduction of UA and impairment in renal clearance of UA owing to the influence of hyperinsulinemia secondary to insulin resistance. [23] [24] [25] The ultimate biological mechanisms for the association between hyperuricemia and hypertriglyceridemia are still unclear. It has been speculated that it may be due to an increase in nicotinamide adenine dinucleotide phosphate oxidase (NADPH) requirement for de novo fatty acid synthesis. With increasing NADPH, UA production is enhanced, and this may increase the serum UA level. 26 Recent experimental studies have also shown that UA itself may play a direct role in the pathogenesis of the MetS by possible inhibition of endothelial function; 27 inhibition of nitric oxide (NO) bioavailability 28 and stimulation of vascular smooth muscle cell proliferation. 29 Furthermore, deficiency of endothelial-derived NO is believed to be the primary defect that links insulin resistance and cellular disturbances in glucose and lipid metabolism. 30 In contrast, it has also been reported that acute exposure to high concentrations of UA did not impair endothelial function in healthy men, 31 suggesting that high UA may not be a causal factor in vascular disease, but rather a marker of an existing problem.
All cohorts included in this study represented general populations of individual study locations. The data of the Mauritian cohorts were pooled together in the data analysis to increase statistical power. The Q statistics for measuring study to study variation did not reject the pooling of data. In addition, we tried to minimize the discrepancy between study cohorts by using categories that were sex-and cohort-specific for the factors studied. The sexand cohort-specific SD and Z scores for UA were used in data analysis. The cohort was entered as a covariate in all pooled data analysis.
Several limitations of our study need to be considered. We could not take into account the influence of menopause in our analysis for data on menstruation was not collected in 1987. Regarding the knowledge of menopausal time- line, we stratified analysis by the age of 45 years for women. The associations of UA with components of the MetS were similar in groups aged 45 and older or age less than 45 years old. Furthermore, genes, seafood, and beer have been reported to associate with hyperuricemia. Since we did not collect samples for gene tests, information on family relationships, or detailed food/drink consumption information during the field surveys, we could not take these important factors into account. On the other hand, the purpose of this study was not to investigate the etiology of high serum UA. Moreover, the underlying mechanism of the association of UA with Mets components can not be explored by a cross-sectional study, and this question still needs further investigation.
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In conclusion, we have shown that there is an association between high serum UA and high waist circumference (or BMI), high triglycerides, high BP, and also with the clustering of these metabolic variables in nondiabetic people. This association seems to be valid for populations of different ethnic backgrounds, but whether including UA in the definition of the MetS would improve the ability of the MetS to predict cardiovascular disease and diabetes remains uncertain.
